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Trsii5jai4rt<Mi-^a>rovd.th  are  cin  copies  of  a  summary  report  on  our 
studies  of  phoaphorun  fillings  for  munitions*.  Tho  report  3 

covers  all  the  experimental  work  porfomod  uftdor  oantraot  * 

W-1Q-035-CWS-1318.  \ 
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White  phoaphon 
use  as  a  means  of  provid: 
of*  the  weapcoG  cmplojnd. 
filling,  however,  boaauru 
wasted  in  forming  ft  pill/ 
phosphorus  may  melt  undo: 
service  undor  dosert  can-' 
the  munition.  Work  under 
objective  of  developing  i 
duoe  screening  smoker,  wi 
balltotically  stable  on  p 
molting  point  of  white  p' 


r  fillings  in  mur.it  io 
ng  screening  smokes  a 
White  phosphorus  ala 
it  buvnc  bd  rapidly  ! 
r  whon  the  munition  i. 

oondillona  encounter 
.‘ticns,  with  resultan 
the  present  contract 
hosphomus  fillings  fo1 
’•  lit  bio  pillaring  an' 
rolcngud  storage  at  t 
onphorus . 


no  hnve  oauidorable  tactical 
any  point  within  the  range 
:ie  is  not  a  satisfactory 
that  muoh  o?  the  nmoko  is 
*i  burst.  Furthermore,  the 
td  in  storage  or  oven  in 
;  ballistic  instability  of 
ims  undortvkon  with  the 
munitions  tint  would  pro* 

■l  that  would  remain 
pncoraturoa  above  the 


During  the  per  rod  cow  red  by  this  co  -.tract,  bio  Chemical  Corps 
Technical  Command  itself  '.-.as  studied  fillings  oonpri. sinr,  granulated  white 
phosphorus . and  gels  of  r  bbor  Ln  certain  organic  solvents,  Thio  type  of 
filling  wall  not  inva'-.ulgrtad  by  TV  A..  [ 

a  ^ln  experir.ento  on  modification  of  th>  physical  properties  of  the 


phodphcc^a  fillings,  a  p- 
phorue  to  red  phosphorus 
phesphacus  filling  is  vo: 
nomowhat  loss  rapidly  tlv 

*  Most  of  tho  wo: 
of  granulated  white  phow? 
rocp’  tempo  rature.  Attorn- 
ro>  ^anto  wore  unauooosafi 
oatiifaotory.  A  method.  >• 
parti  olo  sise  rm.c  dove  lo¬ 


rn  rod. fication  of  th>  physical  properties  of  the  _ 
•ooed  re  was  developed  for  conversion  of  wliite  phoa* 
in  t?.  ■>  munition  Itsel \  Tho  rc  cult  mb  massive  red 
•;/  stable  ballistics  Illy,  but  it  i  pitas  and  burns 
-i  is  iouirr.blo.'  ,  ^ 

\ 

done  ty-’f  if  A-  m»Wv-tul«  <w»»fcralp  concerned  mixtures 
-hoftis  raid  fluid  bindo.-s  which  rpf  to  solid  masses  at 
•is  to  prepare  suitabl  >  bind  err;  from  laboratory 
l,bub  sovoral  oonnerdial  proiucus  appeared  to  be 
f  proluoing  wliite  phefrphenw.  granules  of  suitable 
■d  in  the  oourso  of  1 \o  work. 


_ _ ^he"exporii7i3nt'  l  fillings  wore  chargxl  into  1115  gronadbs  for  pre- 

limlnary  tests.  Tim  porformneo  of  tho  fillings  was  ovaluatod  in  firing  tests 
undor  simulated  corvico  ' endibi jno.  A  thor^al  stability  test  wns  developed 
and  used  to  moasuro  tho  *  .’foot  '*>f  storage  at  high  bomperA :urco  on  tho 
ballistic  stability  of  f  >j  fillings. _ _ 

,  /s 

Several  U.?.  C't  .iholla  wore  charged  w.th  each  rf  tie  moot  promising 
oxporimmtal  fillings  nvn  wore  writ  to  tho  Arm/  Chemical  lor. tor  for  storage 
and  firing  tosto. 
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to  port:  on  Vi  v1-:  Performed  in  tho  t  orl'T  7>  1  y  1, 


to  Maroh  jX.  1?U  ■,  under  Contract  V»~  1  f- -  Offi"  OV.  S -1510 


Tho  present  report  ion  summary  of  tb^  work  performed  by  TVA  under 
Contract  W-1Q-035“CV/S-131 '  on  tho  development  cf\ .phosphorus  fillings  for 
munitl  or>  a .  Tho  details  o  '  r,ho  wur*  have  boon  roporfcod  in \ssven  quartorly 
progross  reports.  \ \ 


Tho  work  by  TVA  on ' phosphorus  filling 3.  dovolopod  along  two  major 
lines.  Attempts  to  alter  the  physical  proportion  of  whito  phosphorus 
resulted  in  further  dovol  opment  of  a  known  method  for  conversion  of  white 
phosphorus  to  massive  rod  phosphorus  in  tho  munition  itsolf.  In  the  other 
line  ofjopproaeh,  soaroh  Tor  binders  for  granulated  white  phosphorus  that 
would  solidify  to  form  solid  masses,  similar  tc  ooment  mortar,  with  the 
phosphorus  granules  resulted  in  tho  use  of  several  commercially  available 
cementing  materials  to  form  apparently  satisfactory  fillingc. 


The  M15  grenade  served  as  a  teat  munition  for  evaluation  of  tho 
experimental  fillings.  Firing  tests,  with  l&Alp  fusoo  as  bursters,  indioated 
tho  tendencies  of  tho  fillings  to  form  pillars  or  to  produce  screening  smoke, 
thermal  stability  tost  wa:  devised  to  measure  tho  effect  of  storage  under 
desert  conditions.  In  this  t©3t  tho  center  of  gravity  of  a  munition  ehargod 
with  the  experimental  f  ]  ling  t.txo  dotominod  bo  Toro  and  after  Gtorago  at 
65*  C. 


Several  U.2  Cl.!  jbollr  wore  ohargod  with  oach  of  tho  experimental 
fillings  that  appeared  to  bo  premising  and  wore  oont  to  tho  Amy  Chemical 
Center  for  further  tost.  Tho  fillings  were  nncsivo  rod  phosphorus  and 
mixture*— ef^gi'Shulated  white  phosphorus  with  bindors  of  (l)  plaster  of  paris, 
'  (2)  plaster  of  paris  sot  w ith  an  emuleion  of  white  phosphorus  in  aquoous 
polyvinyl  alaohol,  (3)  Du  -alon  casting  rosin,  ^4)  Thiokol  LF-C  ourod  with 
furfural  and  formic  acid,  and  (5)  binder  U  modified  tdth  riercaptoethnnol. 


FILLINGS  CONTAINING  GRANULATED  V.'HITE  PHOSPHORUS 


Granulated  white  phonphoruo  may  be  prepared  by  vigorous  agitation 
and  oooling  of  a  mixturo  of  molton  phosphorus  end  warn  water.  The  granules 
produoed  by  this  mothod  are  quite  small,  50  bo  80  mesh,  and  very  irregular  in 
shape.  Furthermore,  the  prolonged  intimate  contact  between  molten  phosphorus 
and  warm  water  undoubtedly  results  in  tho  formation  of  an  appreciable  amount 
of  loror  oxides  of  phosphorus  which,  in  addition  to  tho  rmnll  site  and 


BEST  AVAILABLE  COPY 


-2 


irrogular  shape  of  fcl»  pari,  .dec,  ml:os  the  produou  difficult  to  dewater.  *1? 
Although  tho  bindors  uaod  .In  TV  A  oxporiw®nt3l  fillings  are  not  affected 
adversely  by  tho  presence  of  small  quantities  of  wutor,  the  relatively  largo  "X; 
amounts  of  water  that  would  remain  in  superficially  dewatered  granulated 
phojpiiii!  irr^pTbparod  by  the  ngitahicn  method  probably  would  bo  undo ai ratio* 

More  over,  this  typo  of  grnnilutcd  phosphorus  ■  lacks  tho  distribution,  of 
partiolo  sizes  tint  A n  re.pfrvd  for  production  of  a  nnos  cf  phosphorus  with 
a  high  apparent  donoityj  th->  voids  i.n  a  messXcf  stlrror- granulated  phosphorus 
oooupy  about  $Q  por  cant  or  tho  total  volume,  whohcns  oci*ti.i.n  inixturos  of 
larger  granules  contain  ebc  it  37  per  cent  voids. 

Granulated  phospb :irun  roro  cuitablo  for  fillings  of  tho  type 
investigated  by  TVA  war.  pn-ducod  in  a  Jot  granulator  that  vmo  described  in 
detail  in  tho  progress  repo  t  covering  tho  noriod  July  1  to  September  30, 

19h7»  Molten  white  phosphorus  is  run  through  an  orifioo  into  tho  top  of  r 
column  of  water  that  is  heated  ntovo  the  molting  point  of  phoophorua  in  the 
upper  portion  and  coolod  bo  lav  that  molting  point  in  tho  lower  portion.  The 
otream  of  molten  phosphorus  issuing  from  tho  orifice  broahe  into  drops  that 
aolidify  during  passage  through  tho  cold  portion  of  the  water  column;  seeding 
of  this  portion  of  tho  odium  with  colloidal  white  phosphorus  prevents  super-  , 
cooling  of  tho  drops  of  phosphorus. 

;  ! 

The  granules  pro.ii .cod  by  this  mothod  aro  approximately  ephorioal  [ 
and  vary  in  size  from  /  noun  to  about  20  moch.  Tho  particle  size  of  the 
granules  may  be  controlled  ;o  samo  extent  within  those  limits  by  variation  1 

of  tho  size  of  the  orifice  >  r.d  of  tho  temperature  in  various  parts  of  the  j 

system.  j 

! 

Orifices  le.rgor  tiuan  ^.0  rmj.  permit  flow  too  rapid  for  tho  formation 
of  separate  drops,  and  cri.f  cos  3-riuller  than  0.0  mm.  roduco  tho  flow,  in  a 
gravity  system,  below  n.  practicable  rate.  Tix?  size  of  the  granules  is 
roughly  proportional  tc  the  oizo  of  the  orifioe,  and  tho  screen  analysis  of 
tho  produot  may  be  varied,  'dthin  limits,  by  tho  cimultansoun  use  of  sovoral 
orifices  of  different  .tizos.  \ 


Inoreaco  ir.  temper 
and  increase  in  temperature 
to  doorcase  somewhat  tho  r>\. 
highest  practicable  tempo  rrv 
Tho  tempo raturo  of  the  mol hi 
oolumn  muot  not  bo  pormitto; 
issuing  from  the  orifice  wi: 


•ature  cf  the  phosphorus  supplied  to  the  orifioo 
of  the  Y/n.tor  in  tho  top  of  tho  column  both  tend 
*ticlo  size  of  tho  phosphorus  granules.  Tho 
urc  cf  tho  molten  p^pepherus  is  abojb  80*  C. 
n  phc3ph<>ruc  or  of  the  wntor  in  tho  top  of  tho 
..to  fall  below  about  5‘-8  C.  crlthe  phosphorus 
1  solidify  in  strings.  \\ 
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Granules  larger  ohan  1*  raeah  proved  undosirablo  in  tho  experimental 
fillingsj  satisfactory  granules  were  separated  into  minus  km  plus  8-reech  and 
minus  8-mosh  fractious,  fixtures  of  those  two  fraotiono,  containing  between 
20  and  60  per  oont  of  tho  finer  fraotion,  had  about  37  per  cert  voids,  whioh 
is  clone  to  the  minimum  obtainable  v/ith  grraiulcs  prcparod  by  tho  jet  method, 
and  any  mixture  of  tho  two  aleoo  botweon  these  limits  vd.ll  approaoh  tlio 
maximum  amount  cf  phosphoi-uo  por  unLt  of  volume  of  a  given  filling.  Mixtures 
containing  larger  proportions  of  the  finer  fraction \u anally  give  bettor  per¬ 
formance  in  grenade  firing  teats  than  mixtures  containing  larger  proportions 
of  the  oonrsor  fraotion. 

Granulated  phosphorus  for  preparation  of  tno  fillings  dosoribod  in 
tho  filling  dirootivss  in  this  roport  should  bo  dewatered,  suitably  by  draining 
on  a  box  filtor  in  an  inert  atmosphere.  A  current  ofinert  gas,  passed  downward 
through  tho  mass  of  granule,  will  hasten  the  do.vatoring  and  will,  dry  tho  phos¬ 
phorus  sufficiently  for  u?  n  with  any  of  tho  birders  considered. \  Hn  these 
direotivoo  it  is  assumed  fhat  tho  granules  will  all  be  between  Jj.  and  20  mesh 
and  that  tho  mass  of  granules  rill-  contain  about  37  per  oent  voids. 


Unsatisfactory  Bindera 


Uonsidoraticm  oi 
munitions  suggested  that  .* 
granulated  phosphorus  in  r 
to  mix  roadily  with  the  g 
tomporabure  bolew  C., 
after  curing,  the  binder  r 
oraoldng  or  disintegratin'; 
Many  of  tho  experimental 
gave  poor  porfomanoe  in  ; 
thermal  stability  tests 
factory  In  some  reapeot 


tho  properties  desir-id  in  phosphorus  fillings  for 
•itisfactory  fillings  night  be  made  by  embedding 
30lid  binder.  A  sul tftblo  binrtor  would  bo  required 
nulatod  phosphorus  and  to  sot  to  a  solid  at  a 
the  melting  point  of  white  phosphorus.  In  addition, 
ust  withstand  temperatures  up  to  65*  C.  without 
,  and  this  property  should  be  retained  on  aging. 
Indore  failed  to  meet  those  requirements.  Others 
hiring  hosts  or  failed  to  retain  tho  phosphorus  in 
7ha  following  binders  rare  found  to  be  unsatis- 


wtianri  Cement-  A,  thin  panto  of  por  ; land  cement  mixod  roadily 
with  granulated  phosphorus,  but;  the  "froe  line”  in  the  cement  roaotod  with 
tho  phosphorus  to  produce  phosphino,  whioh  not  mly  was  a  source  of  danger  to 
tho  nprrntni^hn*  al  ~rr  inhibited  tho  net  of  tho  cement,  with  the  result  that 
the  bindor  romainod  soft  Mid  mushy,  rathor  than  sotting  to  a  hard  mass. 

Laboratory  Prepa-atlcm  of  Plastics:  Numerous  combinations  of 
urea,  phenol,  furfural,  formaldehyde,  and  other  aldehydo3  can  bo  sot  in  the 
odd  by  the  addition  of  nmll  poroontagos  of  acid  or  othor  reagents.  Com- 
binatiann  of  uroa  with  foj-naldehyde  or  furfural  and  of  furfural  with  formal¬ 
dehyde,  bonaaldohyde,  ace' aldehyde,  phenol,  or  sulfuric  acid  all  gavo  solid 
products  at  rocm  tempo rat: ro,  but  were  unsatisfactory  because  they  cracked 
on  aging  or  disintegrated  when  hiatod. 
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Thi okol ;  Various  thiokols,  which  are  rubber},  colid3,  can  bo  pre¬ 
pared  from  c odium  polysulf  .Ido  nnc.  ethylene  bichloride.  Attempts  to  incor¬ 
porate  granulated  phonphoruu  in  n  thiokol  bindor  wore  uncnoooasful.  The 
mother!  that  appoarod  m03t  prom5.3i.ng  ontailod  forming  a  latex  which  oould  be 
coagulated  with  acid.  ’Alien  attonpt3  wore  made  to  coagulate  the  latox,  in 
plaoe,  around  tho  granules  of  phosphorus,  however,  tho  ’’ rubber "  did  not 
enclose  blue  g-anulon. 


Comoro!  al  hinders:  The  field  of  laboratory  preparations  of  plaetio 
bindorc  vraV  not  explored  thoroughly.  The  primary  objoct  of  thi3  phaso  of  the 
work  was  to  find  a  bindor  that  could  be  fcrr.od  in  plaoe  e.round  the  granulated 
phosphorus .  Tho  ro suits  indicated  that  binders  fermod  from  laboratory 
repigents  ffTro  "not  sufficiently  durable .  Since  a  groat  amount  of  work  has 
boon  done  comoroially  in  !;ho  development  of  plustios,  and  since  many  rosins 
are  available  on  tlie  marie!  ,  it  c.id  net  ofon  advisable  tc  attempt  further 
experimental  development  tf  a  plastic  binder.  \ 

\ 

The  properties  r :quiroc  in  a  binder  for  granule  tod  phosphorus 
eliminated  from  cons  .id  a  rat  ion  a  13  tho  mop  In  otic  rosins  ar.d  those  thermosetting 
ro3in3  which  require  a  tempo rature  higher  than  iiii®  C.  in  sotting.  This  loft 
for  consideration  tho  no-ctllod  casting  rosins.  In  ordinary  praotioa,  nany 
of  these  rosins  aro  sot  by  node r. to  heat;  others  attain  Initial  sot  at  roan 
tenperaturo  and  subsequently  aro  curod  by  baking.  Sono  that  ordinarily  aro 
30t  by  heat  my  bo  set  ixx  io  coicl  by  incorporation  of  a  largor  proportion 
of  aooolerator,  although  V  c  pot<.  rtial  strongfch  of  tho  rc-sin  is  not  attained 
fully  whoa  tho  baking  oycl  ;  is  cr,:dttod.  Several  oommorical  rosins  vroro 
investigated,  tho  choice  t-ing  13m- tod  to  those  that  wore  claimed  to  sot  at 
room  temperature. 

Balestio,  apparently  a  condensation  product  of  urea  and  formaldehyde 
is  marketed  a3  an  inprogne  vt  for  plaster  of  paris.  The  rosin  set  readily  to 
ft  hard  solid  at  room  tonpor.ature  but  crackod  on  aging.  Krinton  and  Marco 
caotlng  rosins,  both  apparently  c llyl  eaters,  could  not  to  cot  catisfaotorily 
ftt  room  temporaturo.  Fare  tone,  t  .Curano  rosin,  cot  in  ti  e  cold  to  a  rubbery 
solid,  b"‘  phosphorus  Inhibited  i  ho  sot  sc  that  tho  comp]oto  f3.11ing  did  not 
oure  beyond  the  viscous  liquid  si  age. 

Jlost  of  tho  cast  ing  rot  ins  ca  tho  market  aro  phenol -formaldehyde 
oondeneation  produotG  kne:  i  comme rcially  ns  phonolioo.  Samples  of  this  typo 
of  rosin,  marketed  undor  t  o  trace  nones  Euroz,  Bailor,  Cetabond,  Jkrblette, 
Synvaren,  and  Syncact,  nil  with  cuito  similar  properties,  vroro  testod  as 
bindora  in  tho  proparatior  c.f  phosphorus  fillings.  Who  fillings  had  fair 
thermal  stability,  but  they  performed  rotlsr  poorly  An  grenade  firing  tests. 
Phenolic  rosins  are  relatively  ii.oxpen3ivo,  howovor,  and  it  is  suggested 
that  any  further  work  on  fillings  of  the  typo  investigated  by  TVA  include 
at  least  enough  tosta  to  c vi lur.tr  the  perfonnanoo  ofiphcnolio  rosin- 
phospherue  fillings  An  munitions  largor  than  tlx*  M15 \gronado. 
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Satisfactory  Blndorc 


Of  the  eevoral  tinder a  investigated,  five  formed  fillings  that 
were  sufficiently  promising  to  v/arrant  farther  toata  in  larger  munitions. 
tUllings  prepared  with  each  of  theso  bindsra  YforO  charged  into  h*2  CM 
shells  and  sent  to  the  Army  Chemical  Center  for  storage  and  firing  toata. 

Plastic  Binders »  Duralon  3°»  £  furone-base  casting  reBin,  sets 
to  a  solid  at  roam  temperature  whon  activated  with  accelerators  suppliod 
by  the  manufacturer.  Killings  prepared  vrith  this  binder  had  satisfactory 
thermal  stability,  ond  the  porforuonoe  in  grenado  firing  to3tn  was 
generally  bettor  than  that  of  fillings  in  which  phenolic  casting  resins 
were  ueed  as  the  binder.  1 

i 

Thiofcol  LP-2  is  described  by  tho  manufacturer  an  "a  low  molecular 
polysulfide  polymer  having  roaotivo  mercaptan  terminals  and  3ide  groups 
oapable  of  further  polyreoxv.zatioa  and  croas-linkag^."  This  liquid  polymer 
seta  roadily  to  a  rubbery  solid  at  roon  tonperaburo  on  addition  of  furfural 
and  formic  aaid.  The  addition  of  a  "chain  stepper,"  such  as  meroaptoethanol, 
decreases  the  extent  of  po.’.ynorization  anil  yields  ^  curod  product  whioh  is 
a  softer,  more  flexible  rubber.  Fillings  prepared  With  theso  binders  had 
satisfactory  thsrmal  stability  aad  performed  well  in  gronado  firing  tosts. 

Plaster  of  Paris  Binders  :  Plaster  of  paris  has  thc\r?iarked  advantage 
of  being  both'  cheap  and  re: willy  available  in  large  quantity.  its  proporty  of 
setting  to  a  hard  macri  who  x  mixed  with  water  is  well  knev/n,  and  both  plaster 
and  water  are  oubctantiall ••  iaorb  to  white  phosphorus  under  the  conditions 
usually  oncoxmtored  in  tho  prepara‘ion  and -storage  of  phosphorus  fillings. 
Plastor-viater  mixtures  foruod  a  very  satisfactory  filling  with  granulated 
phosphorus,  Tho^filling  was  stable  on  storage  under  dosort  condition'3,  and 
the  perfonsondoof  tJio  fLJ  ling  ia  grenade  firing  tests  p’.norally  was  good, 
although  some  ermtio  romlbc  wre  obbairod.  ^ 

Sovoral  organic  compounds  of  high  molecular  might  retard  tho  cot 
of  plaster  of  parifl,  pol;/rinyl  alcohol  boing  cn  oxcunplo ,  Polyvinyl  alcohol 
ia  a  str  .ig  emulsifying  ay.nt  as  well,  and  aqueous  solutions  of  the  aloohcl 
have  been  used  in  tho  prop u.rntioa  of  erxulsionc  of  white  phosphorus  in  xmter. 
Plaster  of  paris  oan  be  sot  with  a  $0  Pcr  oent  emulsion  cf  phosphorus  in  a  U 
per  oent  solution  of  polyvinyl  alcohol,  and  this  planter  mixture  has  been 
used  as  a  binder  for  granulated  phosphorus.  Tho  performanoo  of  the  fillings 
in  grenade  firing  tests  was  coos  latently  excollont,  but  the  thermal  stability 
of  the  fillings  was  not  00  good.  The  poor  thermal  stability  appeared  to  be 
due  to  the  ooolu3ion  of  gas  when  tho  plaster,  emulsion,  and  granulated 
phosphorus  were  mixed.  Gas  pockets  apparently  were  formod  when  the  pi  an  tor 
dehydrated  tho  emulsion  in  tho  procosc  of  sotting.  Tho  doncity  of  this 
filling  prrthnfrty  bo  Increased,  and  the  thermal  stability  improved, 

*  -  Jby  mixing  "£he~  ingredients  under  1  greatly  reduced  pressure  of  an  inert  gas. 
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;\as IVE  RED  phosphorus 


^____J¥hibo  phosphorus  igrtitOR  roadily  and  burns  rapidly  iYi  air,  whereas 
fid- phosphorus  is  ignited  with  more  difficulty  and  burns  rolatively  slowly. 
Tho  optimum  character! ctios  for  producing  screening  sraokn  lio  between  these 
two  exorenos  and,  presumably,  would  bo  obtained  by  uco  of  mixtures  of  tho 
two  forma  of  phoephorus.  Mall.lcfcio  stability  also  would  bo  obtained  by  the 
use  of  ouch  mixturos,  for  mixtures  containing  more  than  50  per  oent  red 
phosphorus  bohave  as  soli’s  at  all  temperatures  bolow  593"  0.,  the  melting 
point  of  red  phosphorus. 


White  phosphoru 
280*  C.,  the  boil  in  g  poin 
under  a  reflux  condenser 
a  mixture  of  substantial! 
produced  lr.  to  6  hours, 
phorus  in  liquid  white  oh 
point  of  white  phonphcru.i 
tmm1iti1r~^r  «dr30  would  bo  f 
desert  conditions,  ho.vrvcv 
not  bo  atoble  bailie  ticn.1 
to  bo  stable  ballisticnll 
593°  0.,  and  could  t-'  trrv 
difficulty. 

One  way  around 
white  phosphorus  directly 
formad  with  relative  simp 
plaoo,  with  a  fluid  riixtu. 
proferably  In  tho  be.  so  of 
bo  attached.  Heating  of 
under  an  inort  can  e.t,  or 
a  mixture  of  rod  and  whit' 
a*  jr  utorago  under  any  c 
Tho  operation  would  roqui 
munition,  however,  ond  th¬ 
ro  flux  oondenser  probably 


:  is  converted  to  rod  phosphorus  when  heatod  at 
.  of  vdiito  phosphorus,  at  atmospheric  pressure 
hi  nn  inert  atmosphere.  Under  these  conditions 
>•  equal  parts,  by  weight,  of  tho  two  forms  is 
Tho  nlxturo  ic  a  tliiolc  slurry  of  solid  red  phos» 
>-.:)honts,  fluid  at  tom  ..ora bur* a  above  tho  molting 
.  I/ixturos  sufficiently  fluid  to  be  charged  into 
.  ild  at  tempo raturo3  eacountoroi  in  rtorago  under 
*,  and  munitions  filled  with  suah  mi:rtures  would 
,y.  fixtures  tha4  contained  enough  rod  phosphorus 
■would  bo  a  solid,  mass  at  all  tcnpei  ntures  below 
forroi  from  ono  container  to  another  only  with 


hh: i  dilemma  is  to  pro 
In  tie  munition,  an  c 
licity  by  charging  the 
•a  of  rod  ana  white  ph 
-;ho  munition,  to  whic 
lie  charge  to  tho  boil 
slightly  abovo,  atmos 
•-  phosphorus  that  woul 
nditio.as  that  would  b 
•a  a  considerable  time 
modification  of  tho 
would  add  materially 


pare  tho  mixture  of  red  and 
po rati on  that  i  ould  be  per- 
munition,  burrtor  well  in 
u3p)iorua  through  an  aperture, 

'.i  a  roflux  cone  onser  oould 
ing  point  of  wMte  phosphorus 
cliorlo  pressure  would  produce 
1  bo  ballistioc lly  stable 
3  onoountorsd  in  tho  field, 
of  treatment  for  each 
rtunition  to  permit  use  of  the  I 
to  tho  expense  of  fabrication. 


The  rate  of  conv^rsicn  of  white  to  re  1  phosphorus  increases 
rapidly  with  increaro  in  :  mpo nature .  In  tho  method  of  conversion  described  ; 
above,  the  temporaburo  ob  .  nirablo  is  United  to  the  boiling  print  of  white 
phosphorus  under  tho  Impo  d  pressure.  Attompti  to  oarry  out  ths  conversion 
in  scaled  containers  wore  mucous  if ul,  but  tho  largo  amount  of  hoot  generated 
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In  tho  exothermic  conversion  carried  the  conversion  nubrtantially  to  com¬ 
pletion.  The  conversion  vao  initiated  at  tomperaturoo  as  low  no  2U0*  C., 
but  quenching  tho  container  fni.Lod  to  etop  the  reaction  short  of  virtual 
ocanplotionj  maximum  tompornturo  j  as  high  an  5^0°  C.  and  pressures  of 
about  600  pounds  por  nqunro  inoi  woro  developed  by  tho  reaction. 

Tho  produot  w&e  massive  rod  phosphorus  containing  about  1  per  oent 
white  phoophoruo.  It  mo  uraffoctod  by  exposure  to  tempo ratur os  higher 
than  those  spooifiod  in  thermal  stability  testa  and  may  be  assumed  to  be 
balliotically  stablo.  In  gronado  firing  toots,  massive  rod  phosphorus 
appeared  to  ignite  completely  on  oxplosion  of  the  bursting  ohnrgo.  The 
fragments  of  the  filling  burned  rather  slowly,  but  were  not  extinguished  j 
when  thrown  into  about  2  inches  of  molting  snow  overlying  a  aindor  fill. 

Sulfur  hao  boon  usod  ouooossfully  as  a  catalyst  for  tho  oonvorsion, 
both  when  the  operation  was  carried  out  at  atmosphbric  pressure  and  when  it  - 
was  oarriod  out  in  soalod  munitions,  Thn  sulfur  is  most  conveniently  added 
to  tho  Initial  ohargo  in  tho  form  of  tins  00-20  phosphorus-sulfur  liquid 
eutectic j  1  per  oont  of  ra  t  fur  :in  tho  final  mixturo  gives  very  satisfactory 
results.  1 


Canvorsion  in  •; 
and  U2A.  i*»2  CM  shells, 
shell  in  plaoe  with  a  pin 
top  of  the  burster  well. 
(Class  i;,  m,  p.  627°  C.). 
generated  in  tho  convorni 
imposed  internal  pressure 
after  initiation  of  the  r 
oooled  the  soldered  joint 
roaotion. 


oalod  oortainern  was,  effootod  in  both  M15  grenades 
t  was  necoosary  to  hold  the  turstor  well  in  the 
;  that  screwed  into  the  adapter  and  bore  upon  the 
Both  munitions  woro  assembled  with  silver  solder 
Tho  -solder  vma  ooftoned  sufficiently  by  tho  heat 
on  t<  roeult  in  failure  of  the  munition  under  the 
unions  tho  munition  was  quonohod  in  water  soon 
npid  conversion  reaction.  The  quenching  apparently 
;;  without  significant  qffoot  on  tho  conversion 


Vifhito  phonphorus  has  u  much  highor  thermal  coofAoiont  of 
expansion  than  stool.  Closed  ouool  containers -Charged  vdth  more  than 
abr  0  1*55  Grwna  °£  white  phosphorus  per  cubic  centimotor  will  bo  burst 
by  oxpannian  of  the  liquid  white  phosphorus  boforo  initiation  of  tho 
conversion  reaction.  i. 


r.VALWiTIOU  OF  FILLINGS 

- 

For  satisfactory  performance  in  the  field,  a  phosphorus  filling 
must  produos  a  persistent  screening  smoke  vdth  minimum  loss  of  smoko  in 
the  formation  of  a  pillar,  and  must  remain  balllctically  stable  on  storage 
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of  the  nunltion  in  any  position  undor  any  conditions  that  may  be  enoountored, 
even,  in  deeort  areas.  Th:>  lx. 2  Oil  sholl  is  the  standard  test  munition  for 
phosphorus  fillings,  and  tests  of  the  performance  \of  phosphorus  filling3  in 
this  munition  are  designed  for  simultaneous  evaluation  of  both  requisites. 

Work  on  phosphorus  fillings  at  TVA  wa3  on  a  relatively  small 
soale,  and  the  M15  grenady  tos  selected  as  the  preliminary  tost  munition, 
both  to  oansorve  material  and  to  permit  firing  testis  in  the  limited  spaoe 
available  for  auoh  tests  o.t  Wilson  Dam.  Since  the  M15  grenade  is  not 
fired  from  a  rifled  weapon,  it  was  impractical  to  determine  the  balli stio 
stabilities  of  phosphorus  fillings  directly  in  this  munition! 'instead  it 
was  neooasary  to  devise  a  static  toot  that  would  yield  data  from  which 
the  ballictio  stability  might  be.  estimated. 


Firing  Tests 


— Tiring  teats  of 
with  M6/J4D  fuses,  were  ma 
expected  to  perform  wo 11 
in  grenades  to  perforinonc 
that  FWP,  which  performs 
The  tendenoy  of  the  smote 
ability  of  the  eoatterod 
high  to  maintain  a  screen 
performance  of  a  filling, 
experimental  fillings  for 


experimental  fillings  in  M15  grenades,  burst 
le  to  soloct  those  fillings  that  might  bo 
in  J+.2  CU  shells,  Extrapolation  of  performance 
a  in  sheila  was  not  posslblo,  for  it  was  observed 
well  in  aholls,  performod  very  poorly  in  gronades, 
to  pillar  whon  the  munition  is  burst,  and  the 
filling  to  produce  smote  at  a  rate  sufficiently 
appeared  to  be  adequate  basis  for  evaluation  of 
These  oritoria  were  uood  in  the  selection  of 
further  tests  in  larger  munitions. 


Thermal  Stability  Tests 


In  evaluation  cf  the  theraal  stability  of  tho  experimental 
fillings,  thg^Ae&otlcn  of  tho  center  of  gravity  of  a  filled  grenade,  both 
.along  the  'longitudinal  ax.i.3  and  laterally  from  that  axis,  was  determined 
before  and  after  hooting  she  filled  gronauo  for  G  hours  at  65*  C.  while 
lying  on  its  side,  with  subsequent  cooling  in  the  tome  position.  Tho 
shift  in  oonter  of  gravity  of  tho  entire  grenade,  or  of  tho  filling  alcno, 
is  a  measure  of  tho  theraal  instability  of  tho  filling  and  can  be  used 
to  estimate  tho  ballistic  stability  of  any  munition  containing  the  same 
filling.  The  shift  in  tho  oenter  of  gravity  can  be  usod  also  to  evaluate 
the  ability  of  the  binder  to  retain  molten  phosphorus  and  to  estimate 
the  tendenoy  of  tho  phosphorus  remaining  in  the  binder  sponge  to  settle 
under  the  influence  of  gravity. 
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Plaster  of  pari  3  fill in  go  in  M15  grenades  consistently  retained 
at  least  98  por  oont  of  the  phosphorus  in  tic  body  of  the  fillin'*  but 
tho  phosphorus  remaining  n  the  filling  bonded  to  nettle  to  the  lwnr 
portion  of  the  body  of  th  filling.  Tho  ohongo  in  tho  position  of  the 
center  of  gravity  of  tho  munition  was  small,  however,  and  plaster  of 
pnris  fillings  probably  w  .11  retrain  ballistioally  stable  under  desert 
storage  oonditlona. 


Fillings  in  which  tho  bin! or  w&3  planter  of  paris  sot  with  an 
emulsion  of  white  phosphorus  in  aqueous  polyvirtyl  alcohol  contained  largo 
gas  pocknts.  Those  pockn  ,0  not  only  decreased  tho  effootivo  strongth  of 
tl»  binder,  but  also  perm  tted  rsletivoly  largo  mbvonont  1  of  phosphorus 
through  and  out  of  tho  body  of  tho  filling  in  thermal  stability  tests. 
Unless  some  method  is  dsv.nod  for  eliminating  tho  gas  pockets  from  this 
filling,  the  ballistic  stability  of  tho  filling  after  ctorago  radar 
desert  conditions  probably  will  be  unsatisfactory. 


Fillings  in  whi  h  Duralon  or  Thiokol  LP-2  were  used  as  binder 
lost  an  average  of  about  i  per  cont  of  tho  total  phosphorus  in  8-hour 
thermal  stability  tests.  This  is  the  amount  of  phosphoric  that  is  cal¬ 
culated  to  be  displaced  because  of  ths  difforonoe  in  tho  coefficients  of 
expansion  of  white  phoaph  «rae  and  the  binders.  Resultant  shifts  of  the 
center  of  gravity  of  munitions  oontuining  thoce  fillings  were  slight, 
however,  and  those  filling  probably  vd  11  prove  to  bo  3table  ballistioally, 

^•rl>a5  bests  of  fillings  that  had  boon  subjected  to  thermal 
stability  tests  showed  no  -Jiffarcnec  in  performance  frm  fillin-s  that 
had  not  been  Jieated. 


FILLIN3  DIRT.CTIVtS 


The  experiment a 
three  classes:  mixtures 
resins  that  set  at  room  t 
granulatod  white  phosphor 
to  form  colid  masses,  and 
version  of  white  phosphor 
of  the  first  two  classes  1 
tho  preparation  and  oharg 
any  other  filling  in  the 


phosphorus  fillings  developed  by  TVA  fall  into 
cranula-bod  white  phosphorus  with  thoraosotting 
nperatjro  to  form  solid \msco3,  mixtures  of 
3  w3-bh  plaster  of  paris  and  water  that  also  3ot 
massiva  red  phosphorus  prepared  by  thermal  oon- 
s  in  tie  munition.  Tho  ^ovoral  fillings  in  oaoh 
'-have  very  much  aliks,  c&d  a  n-'thod  devised  for 
ng  of  mo  filling  into  e.  Wnitl.on  is  oultablo  for 
:(une  class.  '  '  \ 
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Work:  at  TVA  wn. a  confined  to  laboratory-coal©  operation,  and  the 
filling  for  eaoh  munition  was  compounded  in  a  separate  batch.  All  mixing, 
with  tho  exception  of  the  preparation  of  the  omulsion  of  white  phosphorus 
in  aqueous  polyvinyl  alcohol,  was  done  by  hand,  and  all  fillings  were 
oharged  into  tho  munitions  by  rodding  through  a  funnel.  The  operations 
are  all  simple,  however,  and  oould  bo  oarried  out  cn.  a  larger  scale  in 
standard  mixing  equipment  and  in  fairly  cimplo  devices  designed  to  charge 
the  freshly  mixed  filling  into  the  munition. 

The  fillings  comprising  granulated  bhosphoruo  and  the  various 
binders  probably  will  sot  as  rapidly  in  a  mixer  as  in  any  other  oantoinsr. 
Benoe,  it  will  bo  necessary  to  cloan  tho  oquippmnt  usod  to  prepare  and 
handle  these  fillings  at  intorvnls  no  langor  than  tho  period  for  whioh 
tho  binder  remains  workable.  Tito  maximum  timo  that  should  be  permitted 
to  olapso  between  suooosrive  olcaning3  of  tho  ^quipnonfc  is  suggested  for 
each  binder.  ^ 

White  phosphorus  is  a  hazardous  material,  and  its  woll-known 
property  of  spontaneous  ignition  an  exposure  to  air  necessitates  oertain 
precautions.  Dry  solid  phosphorus  may  bo  handled  safely  lit  an  inert 
atmosphere,  preferably  carbon  dioxide,  and  accidental  fires  are  extin¬ 
guished  readily  by  flooding  with  cold  water.  Provision  for  handling 
dowatorod  phosphorus  and  its  nixturoo  in  an  inert  atmonjhoro,  and  for 
flooding  affeotod  equipment  with  cold  wator  in  tho  event  of  a  fire,  are 
sufficient  to  unsure  safe  operation  in  tho  preparation  end  handling  of 
TVA -experimental  fillingr. 

The  phoophoruu  probably  will  bo  granulated  untior  wator,  and 
most  of  the  various  binders  may  bo  oanpoundod  in  tho  air.  Othor  operations, 
auoh  as  dewatering  of  the  granu.lated  phoepherus,  preparation  of  phosphorus- 
water-polyvinyl  aloohol  emulsions,  mixing  of  tho  granulated  phosphorus 
with  the  binder,  and  charging  of  the  filling  into  the  munition,  should 
bo  oarried  out  in  an  inort  atmosphere,  exceptions  bolng  that  Duralon  and 
Thiokol  fillings  probably  can  bo  charged  in  air. 

It  io  reoorrnonc'od  that  oporntionn  in  an  inort  atmosphere 
(oarben  dioxido)  be  carried  out  in  a  chamber  sufficiently  large  to  con¬ 
tain  the  equipment  for  all  tho  operations.  Tho  chamber  should  bo  gastighfc 
around  tho  bottom  and  aid 03  and  should  be  fitted  rdth  necessary  observation 
windows  and  a  loose-fitting  oootional  oovor .  A  continuous  slow  stream  of 
oarbon  dioxide-should  bo  introduced  near  tho  bottom  of  the  chamber. 

.  Operations  oould  be  observed  and  controlled  from  outside  tho  chambor, 
proferably  from  the  top,  Minor  mintcnance,  repair,  or  inspootion  work 
oould  bo  performed  by  an  operator  supplied  vrttii  sir  for  breathing  from 
appropriate  equipment j  tho  usual  safety  prooautlo.s  when  workors  enter 
inert  atmoopheros  should  bo  obnurvod. 


*  ■ 
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Fillings  Containing  Plastic  Bin*  era  \ 

Tho  quantities  of  filling  specified  in  those  directives  ere 
based  cm  the  assumption  that  eroh  batch  of  filling  will  bo  largo  enough 
to  fill  ton  li.2  CM  shollc.  Tho  opooifioations  are  given  by  weight*  the 
binder  for  eaoh  10-ehall  batch  will  have  a  volume  of  about  7*5  liters 
(2  gallons)  and  tho  filling  will  have  a  volume  of  about  20  liters 
(j?  gallons).  Tho  compositions  of  tho  plastio  bindora  are  as  follows t 


Dural  on  (rosin  manufactured  by  U.  S.  Stoneware  Co.) 


Aotivator  F 
Activator  0 
,^^-Puralon  $C 


O.65  kg. 

0.26  kg. 

0.77  kg. 


1.39  lb. 
0.57  lb. 
19.30  lb. 


Thiokol  LP-2  (liquid  polymer  manufactured  by  Thlokol  Corp.j 


Thiokol  LP-2 
Furfural 
Formic  acid 


7.72  kg. 
1.54  leg. 

O.Jl  kg. 


17.05  lb. 
3.40  lb. 
0.60  lb. 


Thiokol  I?~2  modified  with  meroaptoethanol 


Thiokol  LP-2 
Furfural 
Formic  acid 
Beta-mercaptc ethanol 


7.66  kg.  16.90  lb. 
1.52  kg.  3.35  lb. 
0.31  kg.  0.60  lb. 
0.00  kg.  0.10  lb. 


Freparo  tho  binders  immediately  before  ugo.  Mix  tho  components 
of  each  binder  in  the  order  in  which  they  aro  listed  above,  and  after  eaoh 
addition  blend  the  mixture  thorcughly  to  fora  a  homogeneous  liquid.  Both 
Duralcn  and  Thiokol  LP-2  .re  thick,  vioooua  liquids  with  about  the  con¬ 
sistency  of  heavy  molasco-;.  Tho  other  oomponents  of  the  binders  aro  thin 
liquids  and  may  bo  proper tlcned  by  volume  as  readily  an  by  weight. 

Tho  working  life  of  activated  Duralon  and  of  the  Thiokol  LP-2 
bindors  is  about  24  hour r ,  but  all  throe  binders  become  quite  thick  and 
stioky  in  about  3  hours.  It  is  suggested  that  tho  equipment  used  to  handle 
those  binders  and  filling*  containing  thorn  be  pleanod  ovory  2  or  3  hours. 
Equipnent  coatod  with  Durilou  con  bo  oleaned  with  alcohol,  and  that  coated 
with  Thiokol  LP-2  bindors  can  be  oloanod  with  furfural. 


1 1 
I 
! 
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Mixing  of  Filling!  For  each  10-sholl  batch,  thoroughly  mix 
22.05  kg.  "(40.6  1b.)  of  i-  ownt.or*d  granulated  phosphoric  vith  9.66  kg. 

(21.3  lb.)  of  Duralon  binder  or  with  9*97  kg.  (21.1  lb . )  of  oithor  of 
tho  Thiokol  LP-2  binders.  Any  nixor  that  ic  sulte.bli»  for  handling  ft 
mixture  similar  in  consi: tonoy  to  ono  of  uncooknd  rice  ond  enough  heavy 
molasses  to  fill  all  tho  inorot.itial  cpaooc  botwcon  tho  rioo  grains  will 
bo  satisfactory.  It  :Lr  nnsential,  hcwovor,  that  the  design  of  tho  mixer 
permit  frequent,  thorough,  cleaning  of  all  parts  that  come  in  contact  vrlth 
the  filling. 

Charging  Pilling  into  Munitions;  Froshly  prepared  fillings 
compri sing  granule tecT vrhi’to  phosphorus  and  Duralon  or  Tliiokol  LP-2  binder 
flow  slowly  under  tho  influence  of  gravity,  but  rath  sor.w  segregation  of 
the  binder  from  tho  phosphorus,  especially  when  tho  mixture  is  forood  to 
flow  through  tho  relatively  snail  oriifiod  required  in  charging  tho  filling 
into  ft  munition  through  f  no  burstor-veil  j&oat.  At  leant  the  upper  part 
of  the  filling  probably  ;hould  be  stirrod  continuously  during  the  oharglng 
operation,  and  if  prcvi3:on  in  made  for  nuch  partial  agitation,  those 
fillings  probably  could  1c  extruded  into  the  munition. 


A  suggested  do:  ign  for  a  charging  dovico  is  a  cylindor,  with  a 
capacity  largo  onough  to  hold  a  lC-shcll  butch, I  that  discharges  through 
a  conical  section  terminating  in  a  short  cylinder  that  may  be  inserted 
through  tho  burstor-wcll  scat  to  extend  ju3t  boiow  the  bottom  of  tho 
seat.  Either  mechanical  or  gas  pressure  could  be  applied* to  the  filling 
in  the  largo  cylindrical  portion  of  the  charging  dovico.  \lf  gas  pressure 
is  used,  a  blade  stirrer  should  bo  provided  to  prevent  coking  of  tho 
filling  with  resultant  cl  annexing  of  the  fluid  bir.dor,  and  rubooquently 
the  gas,  tfnrough  the  man  of  granulated  phosphorus.  Although  a  stirrer 
may  net  bo  essential  if  tlx:  pre  :suro  isp  applied  mcchanic-ally,  a  stirrer 
that  oxtonds  though  tho  piston  probably  would  improve  the  operating 


oharactorisiicc  of  tho  d< -ico.  Tho  charging  dovico  should  bo  thoroughly 
aloanod  every  2  or  p  hauls  to  prevent  sticking  as  tho  binder  begins  to 


set.  3holl3  should  bo  f:  lied  or.  0.  .:o 
for  Duralon  or  3*16  kg.  for  Thiokol. 


-vlo  to  specified  w  ight,  3*^7  kg. 


In  the  most  00:  ucricr.n  arrangement  of  equipment,  tho  charging 
devioe  probably  would  bo  filled  from  within  the  inert-atmosphere  chamber 
in  which  the  filling  is  nixed,  but  would  eject  the  charge  into  the 
munition  in  tho  open  tir.  Since  the  filling  is  quite  viscous,  care  mint 
bo  takon  that  portions  of  it  ar>  not  )oft  in  tho  r  dapter  of  tho  munition 
when  tho  munition  is  withdrawn  .Cron  the  charging  device.  With  these 
fillings  tho  burster  well  may  bo  inserted  by  hand  and  easily  pushed  derm 
until  oontaot  with  tbs  -w -it  .la  made. 
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Tho  standard  ahar 


.linri 


ee  (1923  ml.)  of  these  fillings  in  a  ip.2  CM 
shell  is  3*17  kg*  (6.99  lb.)  of  Duralan  filling,  or  3. 16  kg.  (6.97  lb*) 
of  either  of  the  Thiokol*LP-2  fillings .  Munitions  charged  with  any  of 
these  fillings  should  bo  allowed  to  stand  upright  for  at  least  5,  and 
preferably  15  days,  after  aharging  to  -permit  ccmploto  set  of  the  binder. 
The  extent  of  set  io  foil  owed  convenient  ly  by  observation  of  a  sample 
ofjthe_fiiling  in  a  small  sorew-top  glass  sample  bottle. 


Fillings  Bound  with  Ordinary  Plaster  of 


Because  of  tho  rapid  set  of  ordinary  plaster  of  paris,  fillings 
bound  with  it  should  bo  nixed  in  batches  no  largor  than  can  be  charged 
into  munitions  within  about  15  minutes  after  tho  plaster  has  been  wetted. 
The  plaster  binder  is  quite  fluid  and  tho  filling  has  a  markod  tendenoy 
to  segregate.  Honco,  it  is  advisable  that  the  charging  device  be 
designed  to  handle  single-shell  batches.  Tho  amounts  specified  in  this 
directive  are  based  on  the  assumption  that  oaoh  batch  of  filling  will 
fill  one  I4..2  CM  shell.  The  specifications  are  given  by  weight;  the 
binder  for  each  batch  will  haw  a  volume  of  about  0.75  liters  (0.2  gallon) 
and  the  filling  will  have  a  volume  of  about  2  litors  (0.5  gallon).  The 
composition  of  tho  binder  is  ns  follows: 


Plastor  of  5 nris 
Vfater 


0.565  kG. 
0.5^  kg. 

lobvr 


1.3*46  lb. 
I.3I46  lb. 


Prepare  the  binder  imnodiately  bofore  use.  Mix  tho  plaster  and 
water  thoroughly  in  any  suitable  mixer,  probably  in  tho  same  mixer  that  is 
to  be  used  to  nix  the  entire  filling.  Wash  the  mixer  with  water  after 
discharge  of  each  batch.  Die  amount  of  water  specified  in  tho  composition 
of  the  binder  may  be  decreased  somewhat  to  allow  for  water  retained  in  the 
granulated  phosphorus  the!,  is  to  bo  added. 


Mixing  of  Filling:  To  the  1,130  kg.  (2.69  lb.)  of  plaster-water 
mixture,  add  2,205  ~kg"7 ’717.06  lb.)  cf  dewatored  granulated  phosphorus.  Any 
mixer  that  could  bo  used  to  mix  ooment  nortnr  containing  aggregate  no 
larger  than  ij-mosh  ie  suitable.  'Wash  tho  mixer  with  water  after  eaoh 
batoh  of  filling  has  boor,  discharged,  and  return  the  granulated  phosphorus 
from  the  washing  operation  to  the  process. 

Charging  Filllrg  into  .Munition!  In  contrast  to  tho  fillings 
bound  withr  piastios,  tho  slurry  of  plastor  and  water  does  not  wet  the 
particles  of  granulated  phosphorus  very  well,  and  the  freshly  mixed 
filling  has  physioal  properties  similar  to  those  of  very  wet  sand.  The 
mixture  oannot  bo  poured  oasily  through  a  funnel,  nor  dees  it  lend  itself 
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roadily  to  extrusion.  The  moot  satisfactory  ohVging  device  probably 
would  bo  a  steep-aided  ibnnel  equipped  with  a  pa<idle  stirrer  to  sorape 
tl»  sides  of  the  funnel  and  with  a  rooiprooating  rod,  extending  through 
the  axio  of  the  stirrer,  to  force  the  filling  into  the  munition.  The 
atom  of  the  funnel  should  be  as  large  as  the  burster-well  eeat  will 
permit,  and  should  extond  just  below  the  burster-well  scat  in  the 
munition.  With  this  filling  the  burster  well  often  oannot  be  inserted 
by  hand  farther  than  about  half  way  into  the  munition.  Any  filling 
remaining  in  the  adaptor  after  the  burster  well  ia  seated  may  be 
removed  by  flushing  with  a  forcoful  stroam  of  water. 

The  standard  charge  of  this  filling  in  a  1*. 2  CM  shell 
(1923  ml.)  is  3‘3h  kg*  7*57  lb.  Munitions  charged 'wi th  the  plaster 
filling  should  be  allowed  to  stand  upright  for  at  least  U  hours,  pre¬ 
ferably  2I4.  hours,  to  pormib  ocmploto  sot  of  tho  binder. 


Fillinga  Bound  with  Modified  Plo.stor  of  Paris 

Fillings  bound  with  plaster  of  paris  set  with  an  emulsion  of 
phosphorus  in  polyvinyl  alcohol  have  a  somewhat  lengpr  period  of 
workability  than  fillings  in  which  tho  binder  is  straight  plaster  of 
paris  and  water.  Also,  the  crumbly  body  that  rosults  from  sotting  of 
the  emulsion-plaster  mixture  is  more  oasily  oleanod  off  oquipitont  than 
is  the  harder  plaster.  V.'ith  respect  to  the  partially  set  mixtures, 
however,  ordinary  plaster  can  be  flushed  off  most  Isurfnoos  y/ith  a 
gentle  stream  of  water,  whoreao  tho  emulsion  of  phosphorus  in  polyvinyl 
aloohol  ia  tenacious,  and  equipment  coated  with  itxmust  bo  scrubbed  or 
brushed  while  it  is  washed  to  or.3uro  thorough  cleansing. 

In  the  preparation  of  emulsion-plastor  fillings,  tho  aqueous 
polyvinyl  aloohol  solution  must  be  pro pared  several^ dayB  in  advance,  the 
phosphorus  emulsion  must  be  prepared  between  12  and  XJ.0  hours  before  use, 
and  tho  actual  binder,  which  includes  plaster  of  paris,  must  lie  made  up 
immediately  before  use.  Tho  birder  ray  r  j  workable  for  as  long  as  1 
hour,  but  the  operating  prooodurc  should  be  so  designed  that  the  filling 
is  charged  into  munitions  within.  *30  minutes  after  the  plaster  has  been 
wotted. 


Preparation  of  Emulsion:  Prepare  a  h  par  cent  solution  of  poly¬ 
vinyl  ala ohoi  l^Klvanol'’  polyvinyl  alcohol,  typo  A,  medium  viscosity, 
grade  52"22iapra*uot  E.  I.  du  Pont  de  Nemours  and  Co.)  in  water, 
by  stirring  ths  alcohol  slowly  into  cold  water  utrfcil  it  is  wetted 
thoroughly  and  all  lumps  are  broken  up.  High-spe'ed  stirring  causes 
foaming  and  should  bfc  avoided.  Prepare  the  solution  about  a  week  before 
it  is  to  be  used,  and  stir  it  intermittently  to  ensure  complete  solution 
of  the  aloohol. 
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fora.4  in  V  ^ 

•^if**?  'tirr°r-  Ita  t®»£» nature  of  th.  ?h&ut  ,h«M^a  |?  c 

“si' «-*n1U\lT  °h™“  b0  60‘  °-  Ka  *W«  4“  noTbi  * 
haejted,  above  65  0.,  but  must  bo  warmer  than  the  phoophorub  alee  the 

rS^vi0™  th°.  c0nt'iGll0ua  of  tie  emulsion  fyxl  booane 

werthiess  for  the  present  application.  The  mixture  fotuna  badly  when 

SfiHti^  ?3  411  apparo,lt  aPooil'io  gravity  as  low  as  0.3^  Sul- 
Star  rjpi>J  ao.OPO?  &S  ***  Dixturo  ia  uniform,  oiroulate  oold 

ESS/STSS  ihoc4a«k0t  and  oontlnuo  stirring  until  th»  emulsion  is 
SSi?*.*!  ab°ut  25'  Thon  run  the  emulsion  into  a  storage  tank  to 

°*  ooolud®d  Gas.  The  emulsion  attaSs  a  spboifio 
gravi^jTol^about  I.35  an  12  to  10  hours*  it  should  bo  usod  as  soon  as 
praotioablo  after  it  lias  attained  a  apooifio  \gravity  of  about  1  ?  On 

alt+lUf?  8tandlnC*  tb0  vision,  originally  a  creamy  white  liquid, 
s  tt lea  into  a  compact  maos  of  phosphorus  under  a  layer  of  clear  suner- 
natant  liquid.  Although  freshly  sottled  emulsions  may  bo  remixod  b^ 

J1™  S4”1**  3°Uled  mco  consolidates  in  a  fo/days  to  a  solid 
body  that  cannot  be  stirred  bao!:  into  suspension.  Moating  of  tho  once- 
oooled  emulsion  to  tonpe  natures  above  tho  molting  point  of  white  nhoa- 
phorua  results  in  immediate  break  of  tho  emulsion.  °  ph°8 

,  ,  Preparation  of  Fllllnp  Tho  emulsion-plastor  mixture  roadilv 
S  G^ntl!  6tiprinG*  »  is  re  c  ennende  dthat  °the  binder 

of  11111115  b°  miXHd  undor  ^ucod  pressure  to  deoreaso  the  occlusion 

—  For  «r-lO-eholl  hatch,  the  binder  is  composed  ofj 


Emulsion 
Plaster  of  paris 


7-0  kg.  1 

2.5  kg.  \ 


lb. 
5.52  lb. 


“J*  tl!03e  inGfcdior‘t*  and  add  20. 50  kg.  (45-22  lb.)  of  dewatered 

l?rrPih0rU8*  lXX  the  ph08?horu9  wUh  tb®  binder,  preferably  in 
an  inert  gas  at  low  pressure,  * 


Wash  tho  mixer  vlth  water  at  intervals  no  longor  than  1  hour. 

of*  „.„,Trr^in^  Flllinfi  m-*0  l!unlti°n>  Booausc  of  the  marked  tondsnoy 

obtalnod^ir  < if  1 ,  inG  to  ocolude  gas,  a  doneor  filling  might  be 

obtained  if  the  munition  ia  charged  under  reduced  pressure.  A  filling 

device  aimiiar  to  that  suggested  for  use  with  plaster  of  paris  fillings 
probably  would  be  satisfactory.  ^  58 
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When  this  filling  la  raixod  and  oharged  into  munitions  under 
1  atmosphere  of  on  inert  gas,  oooluslon  the  gas  lows;*  the  apparent 
speoifio  gravity  of  the  filling  to  about  1.5,  and  the  ohargo  of  this 
filling  in  a  4*2  CM  shell  is  3.0  kg.  (6.6  ^b.).  Vfith  no  oooluded  gaa 
the  filling  should  have  a  speoifio  gravity  of  aoout  1.7,  and,  if  thie 
deuafty^ould  bo  attained,  about  3*3  kS*  (7.2  lb.)  of  the  filling  oould 
be  oharged  into  oaoh  shell. 

Munitions  chared  with  thie  filling  should  be  allowed  to  stand 
upright  for  24  hours  after  oh&rging  to  permit  oomplete  Get  of  the  bindor. 


Preparation  of  Massive  Rrd  Phosphorus  Fillings 

Ths  preparation  of  massive  rod  phosphorus  fillings  by  conversion, 
in  the  munition,  of  a  0 lieu- go  of  white  phosphorus  entails  severe  operating 
conditions.  The  oxothornio  conversion  reaction  (l6.0  kg.-oal.  por  mole  of 
P4)  heats  the  ohargo  and  the  munition  to  a  maximum  tonne rature  of  about 
560*  C.  (1040*  P.),  and  tho  vapor  presoure*  *.'*  tho  phosphorus  roaohes  about 
600  pounds  per  square  inch.  It  is  essential  that  the  munition  romain  gas- 
tight  under  these  conditions,  which  will  persist  from  5  to  30  minutes,  ] 

f 

Tiro  alternative  methods  are  proposed  for  tho  preparation  of  j 
massive  red  phosphorus  fillings.  If  a  munition  is  available  that  can 
withstand  an  internal  pressure  of  6 00  pounds  per  square  inch  at  560*  C. 
without  leaking,  the  munition  may  be  passed  through  o  furnace  maintained 
at  about  325*  C.  and  moored  at  any  time  after  the  oonrersion  is  oomplete. 
If,  however,  the  munition  is  silver  soldered,  like  the  X2A  4*2  CM  shell, 
it  will  be  necessary  to  cuenoh  the  munition  soon  after  the  conversion 
roaotion  is  under  way.  j 

■  f  i 

The  quenching  operation  can  be  performed  automatically.  The 
munitlcn,  suspended  in  a  furnaoe  at  325*  C.L  oan  be  heatod  to  initiate 
oonversion  and  then  dropped  into  *1  quonohing  tank  when  tho  temperature 
in  the  burster  woll  of  the  munition  exoeeds 'some  predetermined  temperature 
that  is  at  least  25*  C.  higher  than  the  tonperature  of  the  furnace.  The 
quonohing  oools  the  silver-soldered  joints  in  tho  munition,  but  the 
oooling  effoot  is  net  eufficient  to  stop  the  ^conversion  reaction. 

Composition  of  Charge >  Tho  addition  of  sulfur  as  a  catalyst 
loners  theTompe rature  at  which  rapid  conversion  of  tho,  whit o  phosphorus 
Is  initiated.  Although  larger  smounts  may  be  used,  1  per  cent  of  sulfur  , 
gives  very  satisfactory  operation.  It  is  advisable  to  aad  the  sulfur  in 
tho  fora  of  the  80-20  phosphorus-sulfur  euteotio,  which  is  easily  prepared 
by  dissolving  sulfur,  preferably  in  lump  fornj  in  molten  phosphorus  under 
water  at  about  60*  C. 
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Filllng  the  Munltiont  Because  of  the  high  coefficient  of 
expansion  of  phosphorus,  the  charge  of  white  phosphorus  must  not  oxoeed 
I.55  gr*11*  per  oubio  centimeter  of  spaoo  in  the  munition.  Tho  standard 
charge  of  white  phosphorus  in  a  U.,2  CM  shell  (total  volume  2310  oo.)  is 
3.50  kg.  (7.72  lb.);  any  shells  that  contain  moro  than  3*58  kg.  (7*89  lb.) 
will  be  burst  by  the  expansion  of  liquid  phosphorus.  The  phosphorus  may 
be  stored  under  water  immodiatoly  prior  toj loading  into  munitions,  but 
free  water  must  not  bo  admitted  to  tho  munition. 


The  weakest  part  of  the  filled  and  sealed  munition  is  the 
burator*well  seat.  Tho  burster  well  should  bo  hold  in  place  during  the 
conversion  by  a  throadod  plug,  screwed  into  the'  nose  of  tho  munition  and 
bearing  upon  the  top  of  the  burnter  well.  lif  the  munition  is  to  be 
quenohed,  the  plug  should  be  drilled  and  tapped  to  reooive  a  length  of 
pipe,  suitably  l/4-inch  standard  pipe,  that  serves  both  to  suspend  the 
munition  in  the  Ihrrace  and  to  oxolude  water  from  the  burster  well  when 
the  munition  is  dropped  into  the  quenohing  tank.  V/hilo\  ^admittance  of 
water  to  the  burster  well  probably  would  not  affect  the  oonvereion,  the 
cooling  effect  of  the  water  would  complicate, considerably  the  operation 
of  any  device  placed  in  tlio  burster  well  to  indicate  whothor  conversion 
had  boen  obtained  in  the  munition.  '  - 

Conversion  Without  Quenching?  Munitions  whioh  will  withstand 
ah  internal  pressure  of  6cX)  pound e  por  square  inch  at  560*  C.  (lQljO*  P. ) 
can  be  placed  upright  on  a  conveyor  that  fcoves  through  a  furnace  at  350* 
to  1*00*  C.  (660*  to  750*  F.).  Tho  speed  df  the  conveyor  should  be  so 
adjusted  that  the  munitiorf  is  heated  to  a  temperature  not  lower  than 
300*  C.  (570°  P. ).  A  suitable  pyronetrio  cone  or  a  piooe  of  an  alloy 
that  melts  at  about  500*  C.  (930*  P»)  should  be  plaoed  in  tho  burster 
well  before  the  munition  is  plaoed  in  tho  furnace. 

On  removal  from  the  furnace  the  munition  should  bo  allowed 
to  cool  to  room  temperature,  tho  plug  removed  from  the  no3e,  and  the 
burster  well  inopoated  to  determine  whether  a  temperature  of  at  least 
500"  C.  (930°  F.)  has  been  reaohed.  Attainment  of  this  temperature, 
which  is  higher  than  that  of  tho  furnace,  i3  good  evidence  that  the 
conversion  has  gone  to  completion. 

*--eoRvorflion  with  Quenching:  Silver-soldered  munitions,  suoh  as 
the  M2A  U.*?  CIS  shell', '  mulct  bo  quenched  during  the  conversion  and  should 
be  suspended  from  a  pipe  attached  to  a  threaded  plug  whioh  will  screw 
into  the  nose  of  the  munition.  Tho  nunitiod^ should  be  conveyed  through 
a  furn&oe  at  a  tempo ratura  between  325*  an<i  575*  C.  (620*  to  710*  P. ) 
with  a  quenohing  tank  undorneath.  Tho  mothod  of  suspension  should  be 
such  that  the  munition  will  be  released  and  dropped  into  the  quenohing 
tank  by  release  of  tension  on  a  Tri.ro  soldored  to  the  inoido  of  the 
burster  well  and  passed  tlirough  the  threadod  plug  and  tho  suspending  pipe. 
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Tho  alloy  with  which  Mho  wire  ie  soldorod  to  the  inside  of  the 
burster  well  should  hare  a  molting  point  of  about  2+00*  C.  (750#  F«).  The 
munition  should  be  heaiod  until  the  oonvor3ion  reaction  is  initiated,  | 
whereupon  tho  tempo ratiro  in  tho  burster  wo  11  will  rico,  tho  solder  will  j 
melt  and  release  the  wire,  thus  actuating  the  release  de-vice  at  the  point: 
of  suspension  and  dropping  the  munition  into  the  quenching  tank.  The 
munition  eon  bo  removed  from  tho  quonohing  tank  when  it  has  cooled 
sufficiently  to  permit  handling.  Cacpleto  molting  of  tho  solder' in  the 
burster  well  should  bo  ample  evidence  that  the  conversion  has  gone  to 
completion. 
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